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' .i.Mi/v\;' j.wJ- 
'(57) Abstract: An EL . display device 
;•!! is^. operable 'in- analogue and digital 
modes. In the analogue mode a cunent is 
; supplied; to "the >EL display elements (2) in 
dependence on a data signal (6) supplied 
V 16* the" pixel, 'and in 'the • digital mode one 
of two voltages is provided across the 
^ EL Viispiay elements ' in* dependence on 
. the , data signal supplied to the pixel. 
' - This 'enables ' the* display to have a low 
power standby. mode in which a digital 
\ dnve scheme -IS' implemented. This is 
jiarticularly. appropriate for static images 
" and pieferably' for images without grey 
...scales. The- first mode is the normal 
current addressing mode. 
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DESCRIPTION 

ELECTROLUMINESCENT DISPLAY DEVICE 

5 The invention relates to electroluminescent display' devices, foi^ example 

using'orgahiic LED devices such as ppjymer L . ' 

Matrix display devices employing electroluminescent, , light-emitting, 
display elements are well: knpwn. The display elements may comprise^organic 
10. thih fijrh' electrolLimiriescent elem^ for fexa'mple using polymer ma't^rials, or 
else' .light emitting, diocles. (LEDs) fusing traditionary^ 
compounds. Redeht developments in organic electroluminescent materials, 
particularly polyrrier materials, ' » have demonst^^^^^ 

practically for video display devices; These -rnaterials typical pne or.JrV 

15.; mpre^lay^rs of a ^^^^^ conjugated polymer sandwiched j between a vL" 

paiir'of electrodes, one of which is transparent and-the other of which is of a;.; 

material suitable for injecting holes or electrons into the polymer^ layen 

the polymer rfiateriai can be fabncated, using a CVD p/pce^; or sim^^^^^^ l^i 

by a spin coating technique using a solution of a soluble/Conjugated polymer. 
20 Organic electroluminescent materials exhibit diode-like l-V properties, so that V 

they are capable of providing both a display function and a switching function,. 
: and . can 'therefore be used iri passive type displays. .Alteirnlativelyj these 

rfiatqriais rnay be used for active matrix disfjlay. devices, , with each pixel v 

cpmprte element and a switching deyice for cphtrolling the current >% 

25 . through the display element. '" . \ 

Display devices of this type have cui-rent-addressed^display elements, 

so that ^ convent analbjgue drive scheme involves! supplying a- 

controllable current to the display elemeht. It 'is knbwq Ito.vproyide a current. 

source transistor as part of the pixel configuration, with the! gate voltage 

* • i ^ ' : 

30 supplied to the current source transistor- deterrnining the current through the^ 

display element. A storage capacitor holds the gate voltage after the;^ 

addressing phase. However, cliffereht transistor characteristics across the.; 
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siibstrate give risVto different relationships between the gate* voltage and the 
" • souyce'-dr^in current; and artefacts'ih' the' displayed inhage* result. ' 

* ' Digital dVive schemes* havie also' be'eh the 
' • 'LED' device"^ is ^Hectiveiy 'drivdh to two possible voltage levels. This- reduces 
•5 the pow^P Gbnsumption in the pixfe'l ' circuit; • biBt'ause-^a trahsisfdl^' is no longer 
•'^ 'retjuired to-^bpe'rate Mn-th'e ii'n Instead, all 

transistors -'can t5'e^ fuliy ion ^dr' fully 
' Such'a'dTive'febhfe^^^^ tor 
' '•'the'^^^same Ve*as;&n^^^ this^^ ohly'^ive's'-two' ^p^^^^ 

10 However?^^rey-s^call'p by a riiimber^of'^rnethbds;;^' 

• • - : > in^Vdhe^apprbach-^ ptxel^ ^c^i\ l?d-gf buped^ ^o'-fbrm^^^^ Pixels 
^ ' witftin •th'^^'groili'p "^a^^^^^^^^ a^Sgrey i^scale is 

' ' prbduc'e'd'^'tWhidh^ ^'fCihctidh fc^Sf^^tHe »:nurnb'e^^^ 

' ' ' 'activa:teti3^'*A clrawback^'of tHis^'a'pprbach- is^the' YeaOfceb ' reSSlutip 'th^' display 
Hs'^ ''arfailhe-in^e^etf ^'^^^ J'^*^'^;^: . - 

In an alternative approach, pixels can be turned on and off mbre-^ quickly 
th&'ftHKe 'frame' raie^ aHunetibn of the duty 

i'*^vi' cy6fe''^With'^AA)hidh 'tfib pixel i^^turned^'^orir^ This'^incr'daiseVhh^Hre'i^ui. 
^ capabilityi .arid.therefore increases the cost of the displ%;^ltA:^^ 
20 A§"Bigital^tfri^¥'^ ess'ehlially^vd arive schemes. 

' ■' the^'pixel'-outpUt''^^^^^^^^^^^ Hb'h-uriifo^^ 

• " • in pdfticulS^^^ -bUm-irt of M^m^^ a^Hhe ^current 

• • ^ (andni^ereii^W lighi" o^afp'ut)^-6^^^^^ /pixeTs'^dfoi^s 'rSpKlly • ih^a -fixed' voltage 

drive scheme. If a part of a pixel is not emitting light (so-cailed%la'ck-spots), a 
•25 ' 'cbrlstant vdi^^^ airfimerotTtpUt for the pixel, 

t'--: •••becausfe ihe^-'cu driven^^pik'elsV tHe-cbnstant 

cUVrerrt-r^ultPih^n inkreaSe-ih-^iurrfeht^densi^ ligH^ butpbt'from a 

'-pi)jbnS»aifriaStMh<3^^^^ fi^^M Yi^^ ^:>:;. 

io ' A^^ ^fiirst'^^asp'eet' ' df 'the- •ihvfentidnr -t^^ -'is provided an 

electroluminescent (EL) dispray'device corhprisihg^'a'n-atraiy-'of. dis^^^^ 
each display pixel comprising an EL display element and a driving circuit, 
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wherein, each pixel is. operable. in^first and second modes, wheriBin in the first 
mode an anaiogue,.current,is supplied .^^ EL fjisplay. elernent byjhe driving 
circuit in dependence. .qn^ a. data, signal supplied tp^.the pixel, andviathe second 
.. ^moderone rof Ivvo jvpltages is. provided across, ;the^vEU;id!splayvelpTTien^^^ the 
5. .•.driying cireuitanidependenceion the data signal. suppNe.d. to the pix^^^ 
*; . r., This •pixeh.Gpnfigurjation ena^^^^ in-a;.digjtal or 

analogue drive mode. i.This. enables the, display to,.hayjB a Jpyy/:.pqwer^ standby 
n)pd%j( the- second rnode^^^^ digital drj;yei schei;n.a is Jrnplemen^^ This 

. -jjs particu images ancj .Rr:eferabjy for ir;nages, without 

10 . {;.greyrSAalesv Tfje^first^^^ cy.nreptj^addGiessjng^ 
/ V ' >ir .TJhe. driyingL'CjrcuitjTO qur,r,ent.sp.urce,.s supplying 

V current: to, thgrEL-disp^ wh^jgein^tlni^^^ 
... v.. .f SeptionvilsiiSupRlied^ by^.avfirsl-yojtage and;§uppiies 4,h^ ariajo^guq^^qu^ the 
V : i:v;El5fdisplay,ifBtemjB^^^^^ sourQe,. section is 

15 supplied by a second vpltage and drive.s JthiBj/EL d to. pne.^pf tvyo 

jStates>» ri-- i*- ' •. t-;? oi.- jST" •."I'-^^'.-ii r or :l "'•!V":K;:/;r'^i*t);.; ^^^^^^^^ fi; 

/• i; - r r *r . •A;G.urrent;Sou^^^ for s..URplying>jthe!.di^ly^^^ 

V • , .: .fto^4he EL , pixel ,'ib^^^^ in ^diff erjent niodes .ptnoperat ijp^n, ^the vQurrentjSource,. section 

is operated. diff^r^rrtl)^^^ ,i. ^^^^^^ ('^ioiiS^.^^^ • yi^>w- 

20 f/.ThevGurrent^^ pf;. pap^h^./jd^iyir^^^^^ comprise,. la 

trarisistpn.|qonnecte<j.»beJ^ .a sjupfDlyLiyoltage^. I^^^ and 
i. wherein the^gate^^^ /t^e.,transi§tpr^jiS|Cp^ijiA^^ fJepieqdpnqe pn the 

. ; data /Signal. y.i.JM^ -enables vtln? rcony^enJiopaj».ana!9g^^^ be 
r .. ••impleijrierited.v:-^ w'- - i^'^vvpvv/i .v,i. ....... 

J25 : v:.,^ A #st yx)IXage ,may:;be,>^p>r:oyid^ first 
^;:^,.^mp0^;O^^p^^^ by. .the/^ supply 

: voltage Jin^ iQf^!pet^se9pr^}:mqd^ is a 

relatively high \>oltage drop acro$s.tt;je,,pu high 
supply voltage is required. In the second mode, there is a lower voltage drop 
30 : .. across the .tr:ansisto5;t b^ca^ harder»in.,the digital mode, 

v ..sotha^^ J j. ^jpv . k 
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thus, the firist voltage and the range, of leviels of :the;data signal in the 
• first' mode are selected such that the transistor is operabie in the linear^ region, 
sucri that the current provided by the current source is-a function of the data 
signal. The second voltage' and-the data signal levels in the second mode are 
^5 selected such that' the' transistor is fully turned 'on>6r turned' off; such that-a 
fixed'Wtage' 'dependent 'on the is^^^^ is supplied^to or isolated from 

the EL'eldmeritv'r^v--^^ - ..r i.,^.-. .m 

Each pixel preferably comprises/a single'^^ v^ and 
switching means is provided for selecting the voltage on the voltage supply 
10- lirie;"- thls'Vequires' a 'cphtrollihg thd; voltage ap^ supply line. 

. V rAltemktiv^^ each pikel may- comprise two^voltag^^^ lines, and 

wherein a mode switching arrangement is provided forrgeleetihgv which voltage 
suppl^'Miheiisl'gKk the- 'cUrr^ht source This mode 

• • switchin'g-:arra^^^^ caii JBe provided for ia group of pixelst^ 
15. The device rnay further comprise meahsVf6r^>ap 

enabieithe' mode itb be selected for a*pixel being addressjed:'.' This means may 
apply a signal to a region of the displayyr&asedbn avmesisure of 
moVehieWt;withi > ■; 

The. display, .may be used* Th a -portable Melect^ as a 

20 mobil^^tfelepHcnieV ::;Av oy . ; . ■ 

The invention also provides a method of driving an electroluminescent 
' (EL) 'displiay devicia cbrripri ah ^:iarray of' pixels;; each • pixefPcbmp an 
' electroluminescent- (ELy^^:d^ and- -si drive 'circuit, *:the -method 

■ cohSprlglngJoredicI^^^ »^ : - 

.25- • ' seiectih'g ah a^^ y» ......... . .. 

:When ^the ahaldgue' rnbde is selectefli^^supplylhg^ a' dat^ the 
pixel thereby resulting" in 'kn analogue'teurr^^^ t6*the Et'display 

^" ^felemfeht;^-^^''^' ^ --^'^ ..s^i .v:^ : :.;r;^ .. u 

/' when ■ the dlQitisil mb^ is'^selected/ suf)plyihg 'a data 
30 thereby driving^thfe-EL'dispiay'^le^^ . .: ; 

This methdd enables pixels to-be driven in analogue; oir digital modes. 
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The driver eircujt. niay comprise a current. source section ifor supplying 
current, to the- EL!,diSR|ay;e!enrient,:.and wherein iri.. the . tirst ^rnode. the current 
r^-' r. source seetibn is,:SupRlie;d using,:a -first. yoljage-an^ inJhe s^econd rnode the 
oi?: currentsourcerS^Gti^n pfftl^e.pixeh^ using*se.cpndryo|tage. j . , . 

5 ).'..' -Ml AJI^pixelS;iDf'therdispla^^^^^ or 
'•:cy else lithe vdisplay.j np^y be ,SRlitointp, jregipns;', jThe, ,.digital,. dri^e..:r^^^ be 
selected for the display of static images and the analogue|,driye }jiode,,rpay be 
sjB!ect(e,(^rfpr th^.dlspjayvio^^^ \^ .c foxic " 

ip/i .: i/^,/ :Embodiments.3pt^^^ devjces,,in ,accor;dance>.withvthe,; invention will 

. pQw be|,cl.escrib;ed,)^b^^^^ with referenc!e;.;^tp.4h^ 

;^;^i:«dravvingsji*tinfw^^ Vi^^rr-yr^-. -r.-ruv>*v ■iii7f:vv^« *?^b- :» i i ^->^" : - . . 
if>C' • Rlgupei^VshoyviSr^^ deyipe accordin ... 

Figurer24sraKslmpJl^p^^ 
•l5^^w.Bddrgss|nga^,E^^iispl^ .^,,y,r:'rxy.: y. .U-^y;' v^;,., f^.f fi 

;^v;: : < f^<9*^''®^3??hQw%^^nflrst^^^^^^ drive 
^vpirguitry aceprdingjlo^hej^ "^r^ noi- <: ^ j . 

Figure 4 shows vasi-is&condvex^^^ drive 
f;; cjrcuiti^aRipordingTtpJ^^ v;; vs^iffei*^ 

20 Figure 5 shows a portable device with a display ot^thjajjp^y^ention. 

If.. 'V Referriing to ; Figure. 1;. an^active ^matriy addressed,, electroluminescent 

k V- -/display device cprnprisesra paneUhavlng-a:*row;:and/-cp!umaM Of 

regularly-spaced pixels, denpt0;.>by.../4he -^felop.k^^i^ ilii an,d ,,,cornprising 
25 electroluminescent display.: .ejerneiii^^^ 2 ;.tpge|herj.yyitf). associated switching 
. irme^ns.vipGiate^^ sets .of rrpw (selection) 

and. eplunrih .(data)^^^^^^ ^nly-^a,f^ew,pi:>ce^ are.shown 

in the Figure for simplicity. In practice there may be several.. huodr^d rows 
r/, *^ ' andj.iCG!umn%.pfrpix^^^ of row and 

30 column addressirconductors. 't)y a -peripheral driye^cirGuit-^c^^ row, 

.scanning; driyerxircuit 8; and.a cplurpni^datajrdri^^^^ cirpuit 9 .connected to the 

ends of the respective sets of conductors. 
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• The elecfrolu'minescent display element 2 comprises an* organic light 
emitting diode, represented here ias a diode element (LED) -and comprising a 
' pair of ^ electrodes betWeen * whidW' one or mor'e'^^' active^ 6f--drganic 
electrdliirnihescent material is' sandwicrted: The^yispilay^'elemehtis'Of -the array 
S ' 'afe' cairried together with the' associated adive'^nriafrix-eircuitry dne^ side of 
an' ' insuiatinig^ sujpport:'' Either -'the cathodes^ -or the f'ahddiSs-»6f • th^^ 'display 
• -elenNehts 'iare fbrme^^ is of 

^ trarifepafenlf material suchVs'gias^^ iiie'rnents 
" '2^eloWsf to ^hd'^substrikW^ may c6hsisi-*bf ^a^'tran^ 

10 such as ITO so that light generated by the electroluminescenKlayer Is 
• trWnSmitt^y iHrou^^^ to-be visible to a 

'''' ^ eiebt^umiri^ye^td^^^ 

e^ampieS' df stjitabley^fgahic {el6ctrSiumlnef ce^^ mateVisils! which* can'lie used 
is ^' fdr'WS elen^^^ AcHl^in'EP^A^^ 
''^ ' -pblyrhej^nikteH^^^ can alsB'Bis u;g(Sd^^^ /^;<<- 

^ : ^ irf'^a^'firetv^mple^ 'of *tl# iri^/^tion: ^' taScih^^iixef '1^ cbmpHseis^e^EL^ndi 

gj^hf a'anS^SMiciated^ circifttrylH^ ^^r^)et^i 
20 transistor 16 which is turn(Sd^bn''by a7bw:a^ fovi/ "Conductor 

^ ' . W the"'addrdss'''tVan'^1^ 6^Iis " turhei^a bnV"^^''^^ the column 

conductor 6 can pass to the renriaiftd^V 6f Ithfe^-^p^^^^^^ 
V '' iran^istd^^'T6'3dp^^^ source 20, 

'^^^^'WhitH^mpiH^ 
25" ' ''volti^ig^^irb^i^ 
>':'%is.Voitagfe by 'the'^tege^dkfia^ 24'^n'^ft6Ahe^¥ow has 

v |ri' adc<ord^hce'with'the ih^^ in 

first and.second modes. ''''''' ''' ''''' '"^''"^ ^-^'V^fri.,;, ^ r^yl .^:;>^,.;.o:.: 

.30' ' • In a firstyanalogu^^^^ on the drive 

transistor 22lrircbmbihati6'n^ on the pWerVail 2iB'su^^ the 

curre'rit source^ ^O'are selected 'such that the' thanslstbris opeYa^irig In'the linear 
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. , region, so that.the source-drain current. is approximately linearly.proportional to 
- the ^gate vpjtage. Thus, the. yoltage on. the- column conductor S.jJs used to 
sple.ct a dQsired.Gurrent^ flQw .to the display element 2. . Jn, this.mode, typically 
around c6y ^yvill..bej. dropped: across tl;)e,.s.qurce-drain of .tlpe driv^^transis.tor 22, 
5 . . and as , a result/4he vvpltaga on thp-ppvygr; raiL26 will. need .;tp,be,a^^ so 
. ^ that„a required: yoltage dr;opj5fcrQ§5.t^^^^ arQUQdj:,4y ijs/.^^^^ 

the-qathode- is grp^upide^l ^as. sh^ a,^range 
: with .a stofgd yoljtage^pn.jth^^ .stprag,?,jpgfiacit%^^^^ |4y , . F:or,jBxample, 

. the .diata,signal pp^the^ conducjtor 6,.may^tfa!LyvU^ of, around 5 

JPrSi ^ecgnd.^^^igim^^^^^ 
ur-,. . .tfansjis1iqr::22 ira>CG!nnihina^pin.^^ the 
^..f,^:urrept,ggurG#,20^^^!^ off. 

'^5- ;>tj^T?sistQ ?R?vidpd on 

the display .^l^ment j?^> a;h^^!|ag^.(?n,jt^^ -^.V^Msed to 

.';,,v§e!^c^ipn^yot.tw^ 2. In this 

,;.,,v,;imQde,:stlfje.^^^^^ jth.e!.;ppv/,e^:rail 2p^rieed§ to^be.ai;c^^u.nd^^^^^^ drive 

- r vi{li;an§istgus^95^ fee,-fully^^x>r-^f^j^^^ gate 

y- V^it ^j9y/;%-?^?v'^^yV5.pn?^.^^ circuitry 
V vhito obtain the Qperation.described abdvev.;.;^ - . . . . , 

...v...,., -.Jn; order to qnab{^/X\}p^ .ppw^^f T^^^^ ,pjgj^WQdrWitti.|yvo,pq^^^ 

25; ..^fG^vi^j^d to the,,ppw,er^^r.^il..throug on 

device 34 provides an output 36 dictating which mode is selectejj„.apd this 

w v::.- ,PMteut^,3p,.c:on^^^^^ power 

sources 30,32 minimises power consumption. . ,.>... j.,.., . 

3P=! .. . .V The, data ^^signal.Js,,pi;pvi.ded.-,on .t^ column.. conductor .6 through an 

. cpuRle?,,,a .data, in to the, cdumq.e. ., Jn the digital, m.ode, di^erent gate 
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' voltages are- required on the gate of the drive transist6r'22.-.and this' may be 
* • achieved by scaling the data signal, for example by lowenng the voltage by 6V 
' •'usihg-a serie's' vo^^^^ The ^hribde "selection output 36 

'•^ determihes whether or riot the .'voltage ^ sealing is applied op hot. The " data 
B- • ^si^hal^ provided *fca^^^ the'ri'^be' iri^ 'tHie^'same^ran^ the analogue 

scheme so that thiei' san^e' coliiim^^^ two 
possible data* i^si'ghaP^^^^^^ 'on the drive 

' lf^'hWist6r^na*-6ri'e:^ if *off:^-f ^^>^■vv^i . ^^yif>T,c. l-M:-- : ' i.o^ 

' " ^^'^h'^^/ievw'^bf Mhe a 

10' • differeht 'Vbltagf#"*^^^^ trah'sistdr 1 6-suff icjehtlY to 

diidW'ithe p'^ss^gd 'Of ^fc^^^ /s^iij'ffici^ntly^ r^ 2A. 

FbV this Veas^^ s¥ries^voft^*ge sou of 
VtHS^'^tovi "tadtirdsfs^^ 

Again/^ftis'is^.unclei' ifie cpmfol bf^tfie Wbd^^seleetionioiitput^Bv-/ • ^ • 

j^. o , vj: (i^S vTHV'iWventlon'^^^^ standby 

^"^'^^ ^rhbdfe^a^ particularly 

^"^^^ '^xiitablfe'foristatic^^^^^^^^ and preferably !f or ima^ tWo>'gi;ey^ scale . 

^i>cte-'^vihgs^'^^ 

id' ^d&jic^^; s&hW'm^^ grey 
' ' i Scale! per^b'riYi'a^^^^ 

" 'kriy b'ilim^h'^'^^^^^ (whefe'^adares'sed' pixels degrade 

'''*-thereby 6h^^^^ output'- cfiairScteristics^^^^^ the 

analogue current-addressing^hriode?* ? - c,.v v^>^^ .: -'^/o:/5i^; 

(25* ' ' '''' 'WHiisf'thtf^simple^^ only two- 

•P p^vel grey^ equally' possible 

to provide multipieVre^'scai^^^^^^ in'tlig bigiiaVmode/using^^ the 

con^entlprial^He^^ as 
^••i^ ^ diMi^^b iit)b\>e. :4?igh ^difiaafe f fe^te:ies strgSnbf in the 
30 • : stk^ndBy m 

' ? • ^:' 'V wheh the'digi^^^^^^^ a twb-1evel sch^ 

addressed pixels will be the samer-ilf the'isaifrte the 
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Standby mode; this will result.in a known group of pixejs suffering equal. burn-in 
•:■ deterioration. This, lends, itself to a. compensation :ScherTi,e in: the analogue 
::driye mo.d.ev for exampje in which -thoge- .pixels are oyerdriven in thjs .analpgue 
mode. -The. degree, of pverdrivii;\gr;rgquiredjrC^ the 
5,'. . standby time; or,.elserCO,uldfbe evaluated m;oriitoring.;pj:5(e|j^5Vplta^^ of 
' an-.additiopal. tesit; pixel p^^^^ ;»r>-..* , 

, In the.example of Figure 3,^each pixel pornp.rises^ja-sio^^ 

line, and the desired voltage is switched-on tQt.the;Yoltage,.supply.^^^^^^ 
. • ;:Qf« itw.O/jypjtage, spurpes.'4 Figureji^^shpws aq-a pjDr^f iguration in which 

10 : eaqhipixel cpmpxise? two; yj©^^ •!''l?Sv.^aQc|\yyh|B,r^^^^ 

.arrangement lis/proyided f^r^sejecting^jwihich .ypltage^sup^ply, Jine gigna 
1 . • M tp ^siipply --^IhejiGurrentxsp^^ f^y-fjigureTi.^;-! 1^^^^ also,.^u^<|jd ^p: explain a 

v:r • : syistenji.^ iafWhibh is\ft(jtGhii;ig;>betwpen^ pjnyjmage 

Yhese changftSj:shpu!dv:ihpyye^ understppd^to^^e^^jndegen 
I5.r. ^^^r 'i^fv/fdn F^igwrei 4i ^^?J®^?^i;e: tyy^ each 
.;pix^l: EaGh:pjxeJyj1r.agairi oomprisies^an.addres data 
rjr : ' sigft^lrJs^ prpyidedv.pnj^^ cbnduqtPr:^6,},(|pi thi!|^ .exaippj^^^^^ row 
((• • • :direGti€)ri)iiiandN t^^s Y^^^^ the 
i' v^:. : .:gateypfhthe idriye,|f,tj5ai3j^^^ the 
20^^. istprage; .Gjapa!|ito/v24, :and.is^ coupled., to. t^ through-^a first 

• v- ^s>KitGhing:.trarn,s^^^^^^ pixiel 
u' operates in the^3arT;ip.^.w^^ Figurejs^Z.^aind 3,..^a^^ the 

.analpgu9;mpde:Ofp^ pcpiwer^^raj! 26a par^^^ 

analogue voltage tevel, for example 10.:Volts. . . ouj -I': ' - 

:25v , vv. jiTheiisecpnd^^ through 
o!;^ - .£i;;Sj^GOi^ §y«itchjng vtran^te J^Rltage is 

: prcwjded.pnlhe^seqo^^ ppw^^vrai!.26b,rff^ url^'Cv: : 

' ' sJ!f'^>:iq'^l?§cifir?* i^nj^?§69iPric!' ,s>vjtch!ng;,trans^^^^ .cpntrpljed by a 

% sjng[e-.mpde SjBlectipri^^^^ 54;:agd ;the trapste^^^^^^ 52-are,pf.opp^osite type 
30 *so,that-Qne Js. turned -on ;and the, other is turned .offe at any one,time. . Thus, the 
!r: ; rmpde^selectippvline 5)4 dictates whjch,ppwer .rail,2p^^^^ the pixel 

. . V. vl^and the/eby dictate4h - 
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The rridde selection signal 54 is 'provided by a switching block 56. and 

• this switching ^block 56 provides a mode selection signal '54 for a group of 
pixelsV - ^ • ... ■ '■ - 

- ""^ Ih'- the- example 'of Figure 4/the addressirigu'signa^^^ as 

'5 provided on bblurrin conductors 58, but We'se are again -for apply irig^a! suitable 
gate voltage to the iaddres^^'irig ira^ pixels; In addition, the 

switching block 56' -h^aV an 'addressing 60/ and this enables a signal from 

■ the'condu^^^ (thfe^^^idWdata Tine) be^'pr block 56. 

'fwb^ • possiBid • sigrtail^' af fe*^ 'prd>>^iaWd '^^^^ the^ switching .bid'ck ' 56 resulting in 

10 different gate voltages on the current source transistor 62; »Thfe two 'possible 

• ^outpftiY^ign^^ power 
' raii^ 2i6ar izfeb^b^lrig* selWcti'^ 

''''bl6*<ik'%6'^S'Wimila^^ the 's'triicture^^^^ a' pixelJ-ahd^is used sirriply^to^pf^^^ two 
•pbssibla''^^^ 50, 

15 OiH. ....... 

l -.ai!; ;/ . '-X^vjfe'^^yj^g^^^ the video 

^'-''^ dkta fihe -B'is^'ugeid^ on or' off ;^ voltage, ^"whereas- in the 

^' ^ ahaiSguWmod^tfte:^ afrt'ahalS^ue^tfrightnessJ^^^ 

' -'^^"^■^•^ :|rv^ ii;i>.»Fi§ure '4i<^&?Siiigle sWitchingabJoick^ 56 is 

20 associated with two pixels. In fact, the display riiaj/ 'be'^diviaedlhto^^^ariy 'h^^ 
^ ^' of 'gr6ui^s''ibf kssoc^^^ independent 
' ^ bT^ck^ ' ' ThWs, rather Mft simply' swifching across the 'whble^ display between 
<•> 'digital' aWd 'ahal^ moQes, thfe^ screen is bi^oken'bowh ihtd arfeast^-ahd the 
amount ofmo^em^^ 5df the' im^'ge within %'ach^area^b<an^ be used to"td6termine 
25 the most appropriate driving scheme for each area. 

The MPEG system divides images into blocks and has a structure 
which determines amount of movement within blocks. This information can be 
used to determine whether an area of the screen should be driven in the digital 
or in the analogue mode. The circuit of Figure 4 allows each block of pixels to 
30 select which power line is to be used, whereas this is of course not possible 
using the circuit of Figure 3. 
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An alternative is, to diyide. the. frame period, into two halye.s. , This would 
• : then allow a. single power supply- linei to be used as ir],.^igure. 3/.but would still 
allow the mode of operation to be selected independently for different arjeas of 
. the djsplay.* .During. a first half of.the frarne.period, the p^qwer.rail. would be set 
5- to :the digital state land the ,sel^ctedvp|xelSv.wqul,d..be.,add ...iDuring the 

second half; of the frame :period thaigpyyer rail^^vy^^^^ .t)e, set-to. Jhe analogue 
State; and the remaining pixels vypuld then/be^addr^ss^^^^ ........ . , .: , , 

. . .i'-} >..if^s,, discussed above,, the inyentipn Js partieu^^^^ lovy,. power 

displays and Flgure 5 shows, a mpbile4eljBp,bpne; 7Q.|incprpQratipg a djsplay 72 
lO-;:-' pf-the'lnventiori/-: .A;:-, ^-v-^; » • .;•!<. ^.^..^ . /' 

1^ V . :: - itTfjie fpixel circuits »jd.es.cribed;-above;>^ pixel 
. structures. I.H' which a current source |is Qontr9Ne(i .by. a^!d^^^^ a 
- .yariabja curren LE^f jel,eme,nt.- pt|:i,e^rr.pos3ibJe pix^j^cpnjigu^^ations be 
(. .known -to* t^pse.^skl^^ and-^the;,.jr)y^nt in 

15 . many different such configurations. 

toirpersons skilledvJn ..the. art. Such-, modifications . niay, involve , other features 
which>iareoa!ready 4kqowp:J^ the field yOf/giat^^^^ and 
: cpmppnpntij parts tlj.?jf;gs)Land, vyhichj .may. .!:^e.,.used : [instead, otjpr^n^^addition to 
20; . ^featuresalready^d^^ he^rgirij v . / . ^.i . : , .* ..^ ; unj^ , 

. : The rdigitalf.mo^e, has ..^b^^ 
- . ^'^ppwer consurriplio^^^^ .pther me.as.ures.ijina^^ ad,ditip^n^ally ^ ^^^^^^^ for 
. ; ..example . dimming- s-the display or.; operating., in . :a . .puJ^q^jdli.mQde . for .standby. 
Approaches such.as these- n:iay.sup^^^^ 
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• CLAIMS • . • • - 

1. Ah electroluminescent (EL) display; device comprising- an array of 
5 display pixels, each display pixel.comjDrisihg ah EL display element and a 
driving circuit, wherein, each pixel is operable in first and second modes, 

* wherein in the first rhode an knalogue curreVit' is' supplied' to *th6 EL display 
eleirhent ^by- the'^riving 'circuit in^ dependiemce. on^a data signal supplied to the 
pixel and In the second mod§ one-of two Voltages is^provided' across the EL 

10 display element by the driving circuit In dependence on the data signal 
'•^'^ siupplied'to the i^ixei. : ' ^ - ^ • v : * . 

- 2, ^ deVice^^as-'dairried in claim ^^^^ ^ wherein thfejdriving icircuit corhprises a 
current source section for supplyinjg curreht'to.the^EL'dispjay e 

15 in the. first mode the current source section is supplied by a first voltage and 
isupplies»4h^ 'element and in the siscond 

mode the current source section is supplied by a second Wbltage ahdidri 
the EL display element to one of two states. 

20 ' ' 3: ' ^ A device as; claimed in claim 1 or 2, wherein *the current sbiiirce section 
^ 6f each driving circuit^icorh'prises^a ; trahsi . between- a^ 'supply 

^ ^ vbltageMine arid the lEL'^^^ 
•is* fcbntrolleid ih 'dependence ^ -v v^-' . 

25 4. A device as claimed in claim 3, wherein a first voltage is provided by the 
vsuppli^ voltage liiie ih^f the first mode of . ope rati^^^^^ voltage is 

provided by the supply vdltageMiheih thecisecohd^rriode'bf'o^^^ 

' '5. -'A dfeviee aS'dsiihriedMh -claim 4;* wherein thfe firist voltage and the range 
30 - of • levels 'plf ^Uhe-'dsata-sighkl^lri selected •suchiithat the 

transistor is operable in the linear region, such that the'curreht provided by the 
current source is a function of the data signal. 
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6. A device as claimed in claim 4 or 5, wherein the second voltage. and the 
data signal levels in the second mode are selected such that the transistor is 
fully turnedion pr:turned off, such ^that a fixed voltage. dependent on the second 
5 ' voltage is supplied to or isolated from the .EL element. . : 

• 7. ' A device a? claimed .in any one of claims.>3:to.. 6, vyhe.reini.each pixel 
, comprises'-a.^single. voltage supply line, and switching means is provided for 
selecting the voltiage on^hisyoltage supply line . / , 

8. , A device as claimed in any one of claims 3 tOy6/ wherjejn., each pixel 
comprises two voltage supply lines, and wherein a mode switching 
.: :.' arrarigement-is proyideid fo signal is used 

' to supply ithe;current spurce.trans^^^ ; ; . r> ^ • it ... 

15*^ '••!*''Vr-v^ ; . ; ; lo.- . . ^..-'vv'';- • '."V " * ■ ' - . . 

: ' 9. A device as claimed in claims 8/ wherein a mode s^^^ 
V iS'pfov^^ ... ' : H . ^ 

1.0. A device as ..claimed^^ih. claim 9, wherein each voltage supply. Jine -is 
20 coiJple.d .*to the cu respective coupling 

.transistor,fand..vyher^ sej^ctively/provides a 

first :outputc^fpr^iswitchjng a first poupling transistor - on 'an 
transistor off, or a second ioutput for- switching the rfirst.cou^^^ off 
and the second coupling transistor on. 

v> -"llv. ' ^.A. device-as; clainned^in, anyr preceding clairn, wherein,;each ,EL .d 
eIement/c.drT3pAS^^ . v p... : - 

S.- 1:2:; *'-^A .deyic^e as: : claimed ^jn> any preceding cjaimi; wherein the pixels are 
30 arranged inCfows and columns;. and. wherein, the< data, signal is. provided on 
• • -.column conductors^: ^ . / " -v..- ^. ... . .. > : 
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13. A device as claimed in claim 12, wherein each row of pixels shares a 
row conductor, and -Wherein each pixel comprises ah address transistor 
coupled between th% cblurhn conductor ^^^^ • 

5 14. A device as claimed in any preceding claim, further comprising means 
fof-applying a^mode seibct to enable the nhode to-be selected for a pixel being 
• addressed. • ■ ' ''•-v-^-- ■ v.. -^i 

'15';' • ''A^-^deVifce as-claim^^ means for applying a 

10 m'ode^'i^^ applies* a 'signer* to region* of ^^thev on a 

measure of the amount of movement- withiri*'th'eMmag§-^^^^ the 
display. 

16; ' A.'portWbl^ ele^^^ in 
15 any preceding claim. .v io.:!! ;:i:r .^y,..^ i: ; 

■ • ' ' 17. "''M' : me'thod'^ of * d nvihig ah • elect ripl 6'min'esceiit -(Ell) ."display • ' -device 
cdmfirising ' aih arlay of pikelsl' eac^^^ 
(EL) display element and . a drive circuit/ IhVnrifethod 'cbrn^^ 

20 of the display: 

when the analogue mode is'^selfeictecl; 's1iipplying-a datai ' signal' to the 
pixel thereby resulting in an analogue current being supplied to the EL display 
element; 

25 when the digital mode is selected, supplying a data signal to the pixiel 

thereby driving the EL display element to one of two states. 

18. A method as claimed in claim 17, wherein the driver circuit comprises a 
current source section for supplying current to the EL display element, and 
30 wherein in the first mode the current source section is supplied using a first 
voltage and in the second mode the current source section of the pixel is 
supplied using second voltage. 
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..19. A methoc!;.as claimed in , claim I/: or ;.1 8,. wherein the. analogue or the 
digital drive mo.de is selected for all pixels of ..the display within ..any frame 
period. 

^- . .. ;20.\;.^ A-methp^i,as claimed in e 19;,.wherein 4lj§ dpye njode is SQj^cted in 
dependence on the display requirement. 

^ . 21: . A method, asjtclaimed/jn iclairn.^19, yvher;ein, the digital. .drive rnode is 
10 . seleetiBdYfor- the .displa^^ ,aqd,!th^e, arialogue,,,drive,^nriode is 

selected for the/disRiay, of. moyin „ . , 

22. A method as claimed in claim 17 or 18, wherein within a frame period, 
' .the. , digital. and .^analogue . drive .m for 
15 different regions of the display. - , : ; . . , 

",r 23v. : >;,'4.t. method aSc:Gjair7ied, invCjalhi r22, -wherein ^ the .. drive.. ^ for; each 
. .regiqn .of.-the (disRlay^JSt/spIeqted aipQunt. of ..previous 
. :. . irjiiage/mpvem^^ ... ivr-^, - Aj^. ^-r^^^^^^^^^^^ 

24. A method as cjairn^ed in claim . 23,, ,w|jerein.tfpe arpp^nt ^t previous image 
.v v. r:.mpyenrient is derived from MR? , t .^ .- .. 
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